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ABSTRACT the textbook. The drawback of this approach is that the content

In this paper, we describe an initial attempt for integrating multiple
smart learning content from different providers into an e-reader
platform. We present an integration example for the case of an
introductory programming textbook. We show that it is possible
to embed different related external content through standardized
protocols, including LTI (Learning Tools Interoperability).
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1 INTRODUCTION

During the last decades, numerous research teams around the world
have been working on creating novel digital learning tools to help
students to learn different domains. These educational tools differ
from each other by the different levels of complexity and specificity
of their learning objectives, as well as by the interaction features
they present to learners. Usually, the benefits of these tools on
students’ learning are evaluated in isolation, i.e. learners have access
to only one type of learning content throughout each research study,
without investigating the potential effect of providing access to
several types of learning activities at once. Only a few studies have
explored the integration of different learning content providers [3],
which suggest that this has a positive effect on students learning.
Notwithstanding the above, textbooks in their traditional form
remain as one of the most common means of instruction. The use
of e-readers for accessing text-based learning content has become
widespread, but digital textbooks usually lack interactive features
which could make the learning a more engaging process. Some
attempts of integrating interactive learning activities within a static
textbook have been done in recent years. For example, in [5] an
introductory Python textbook was enhanced with interactive con-
tent like Parsons problems and multiple- choice questions. In this
case, the embedded content was created by the same producers of
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generation is time-consuming task and the learning activities are
not reusable by other interested parties.

In this work, we integrated multiple smart learning contents into
an interactive e-textbook using standardized protocols including
Learning Tool Interoperability (LTI) [9]. Smart learning content
integration was visioned by the ACM ITiCSE working group [2],
and we show the integration and reuse of smart learning contents
developed and served by various research institutions.

2 BACKGROUND

Reading Mirror is an e-reader platform developed by the Univer-
sity of Pittsburgh that enables instructors to upload course reading
material by following the syllabus structure. Thus, students have
online access to read the course weekly readings and to answer
related quizzes, all in the same system. Additionally, learners can vi-
sually check their progress and compare it to the rest of the class, as
a way of increasing their awareness about their peers’ study behav-
iors. Although e-readers normally rely on pdf document rendering,
this system delivers the material by using HTML5, which makes
it more versatile when it comes to embedding external directly on
the documents.

To be able to integrate multiple learning contents, we leverage
the usage of standardized protocols such as ADAPT?2 proprietary
content invocation protocol [1] which has been developed by our
research team and LTI [9] which has been developed by IMS Global
Learning Consortium. LTI let Learning Management Systems (LMS)
access third-party educational tools securely. Similarly, ADAPT2
protocol enables learning systems to access existing educational
content. Different from LTI, ADAPT?2 protocol is focused mainly on
adaptive learning contents and learner actions generated by these
contents are reported back to a dedicated student modeling service.

In LTI protocol, systems which access learning applications
through the LTI protocol are called Tool consumers and the LTI-
complaint learning applications are called Tools. In this work, we
enhanced Reading Mirror with LTI tool consumer capabilities and
integrated an LTI-compatible online practice system along with
other learning contents integrated through ADAPT?2 protocol. The
integration process is described in the next section.

3 INTEGRATING SMART LEARNING
CONTENT INTO READING MIRROR

The process of embedding learning content from different providers
is possible given the use of multiple interoperability protocols. To
prove the possible outcome of such integration, we have integrated
CodeWorkout [4] which is an LTI-compatible small-scale program-
ming assignments tool. In addition to LTI protocol integration,
students also have access to other learning activities which are
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Figure 1: Smart learning content integration workflow reflected in the student’s actions on the Reading Mirror platform

integrated through ADAPT?2 protocol such as program construc-
tion examples and challenges [6], semantic problems [7] and PCRS
coding exercises [10]. The integrated tools are physically served
at servers located in different countries and they provide multiple
learning contents. These learning contents can be accessed by a
unique content URL (content link) using either LTI or ADAPT2
protocol.

In development process, the Reading Mirror is kept isolated
from the details of integration protocols. We reuse our adapter pat-
tern approach for LTI-consumer service developed in [8] to serve
CodeWorkout exercises in Reading Mirror. This service generates
appropriate LTI launch requests given the student’s session data
(e.g. username, course, etc.). Similarly, other content types are inte-
grated through ADAPT?2 protocol by sending HTTP GET requests
to the content providers. Both protocols eliminate tedious log-in
procedures and provide a smooth learning experience.

For explanatory purposes, we use Cay Horstmann’s Big Java
Book as a source for embedding smart learning content. The work-
flow of interrelated actions that makes this integration possible is
depicted in the Fig. 1, and explained as follows:

(1) Each learning content is embedded into the proper textbook
section using content links. The embedded learning activity is added
to the HTMLS5 page as a circular icon (which is unique for each

content provider). When the learner clicks on the respective content
icon (see arrow 1 in Fig. 1), the activity’s expanded URL is loaded
in a modal window. Here, learners can start interacting with the
learning content.

(2) The learning events generated at integrated content are re-
ported back to user modeling service either through the LTI grade
callback service developed in [8] (for LTI protocol) or using ADAPT?2
protocol. Following this, the interface is updated to provide imme-
diate feedback to the student. This is reflected through the color
of the activity’s icon: it turns green if the submission was correct
or red if it was incorrect; otherwise, it keeps gray if it was not
attempted (see 2 in Fig. 1).

4 CONCLUSION AND FUTURE WORK

In this paper we briefly presented the embedding of several types
of interactive learning activities into an existent digital textbook
reader by using different learning interoperability protocols (LTI
and ADAPT?2). Currently, the process of associating the learning
activities is manual, so we plan to develop an automatic or semi-
automatic approach for finding the most appropriate section of the
book to embed each content given its conceptual coverage. Finally,
it is important to mention that this is an ongoing work, so more
work is needed in order to evaluate its usefulness and its effect on
students taking a real introductory programming class.
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